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Executive Summary 
This report contains the results of a Channel Migration Zone (CMZ) mapping effort for 86 miles of the 

Bighorn extending from just below the Yellowtail Afterbay Dam near Fort Smith to its confluence with 

the Yellowstone River near Bighorn MT.  Along this stretch, the river transitions from having relatively 

low rates of channel movement between Yellowtail Dam and the Little Bighorn River confluence to a 

much more dynamic system downstream.  The river commonly flows along high bluff lines that are 

relatively erosion resistant, but the finer grained units are prone to both some erosion as well as 

landslides.  Within the stream corridor itself, the river shows highly variable rates of movement.  

Avulsions (the creation or re-activation of channels on the floodplain) have occurred historically and will 

continue to pose risk of rapid channel shift.  Migration rates generally increase in the downstream 

direction as the channel slope flattens, the valley widens, the river becomes bigger, and large rapidly 

migrating meanders traverse the floodplain.  Old floodplain swales, meander cores, and tributary 

channels running parallel to the river create high flow paths and avulsion routes.   

Historic imagery beginning in the mid-1950s was used to measure migration rates through the project 

reach; hundreds of measurements were collected and statistically analyzed to determine mean rates of 

movement for each reach.  Maximum migration distances measured for the mid-1950s-2019 timeframe 

range from about 90 feet below afterbay dam to 1,020 feet in the lower river.   

The impacts of Yellowtail Dam completed in 1966 have included reduced flooding and sediment delivery 

through the project reach.  As flooding and sediment are two large drivers of bank movement, it was 

important to discern the historic versus modern rates of movement.  As a result, the migration 

measurements were segmented to capture mid-1950s-1979/80 conditions (pre- and early post-dam) 

and 1979/80-2019 (post-dam).  The post dam statistics were used to develop the CMZ units that 

incorporate anticipated rates of future movement. 

Our objective with the mapping and interpretations provided in this document is to assist river corridor 

landowners and other stakeholders in understanding the nature of Bighorn River lateral migration, 

focusing not only on the challenges that channel migration creates but also the critical contributions 

that these processes make to stream heath, resilience, and ecological vibrancy. 
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Glossary and Abbreviations  
Alluvial ς Relating to unconsolidated sediments and other materials that have been transported, 

deposited, reworked, or modified by flowing water. 

Avulsion ς The rapid abandonment of a river channel and formation of a new channel.  Avulsions 

typically occur when floodwaters flow across a floodplain surface at a steeper grade than the main 

channel, carving a new channel along that steeper, higher energy path.  As such, avulsions typically 

occur during floods.  Meander cutoffs are one form of avulsion, as are longer channel relocations that 

may be miles long. 

Avulsion Nodeς The location where a river splits or relocates from an existing channel into an avulsion 

path. 

Bankfull Discharge - The discharge corresponding to the stage at which flow is contained within the 

limits of the river channel and does not spill out onto the floodplain.  Bankfull discharge is typically 

between the 1.5- and 2-year flood event, and in the Northern Rockies it tends to occur during spring 

runoff. 

CD ς Conservation District. 

Channel Migration ς The process of a river or stream moving laterally (side to side) across its floodplain. 

Channel migration is a natural riverine process that is critical for floodplain turnover and regeneration of 

riparian vegetation on newly created bar deposits such as point bars.  Migration rates can vary greatly 

though time and between different river systems; rates are driven by factors such as flows, bank 

materials, geology, riparian vegetation density, and channel slope.   

Channel Migration Zone (CMZ) ς A delineated river corridor that is anticipated to accommodate natural 

channel migration rates over a given period of time.  The CMZ typically accommodates both channel 

ƳƛƎǊŀǘƛƻƴ ŀƴŘ ŀǊŜŀǎ ǇǊƻƴŜ ǘƻ ŀǾǳƭǎƛƻƴΦ  ¢ƘŜ ǊŜǎǳƭǘ ƛǎ ŀ ƳŀǇǇŜŘ άŦƻƻǘǇǊƛƴǘέ ǘƘŀǘ ŘŜŦƛƴŜǎ ǘƘŜ ƴŀǘǳǊŀƭ ǊƛǾŜǊ 

corridor that would be active over some time frame, which is commonly 100 years. 

DNRC ς Department of Natural Resources and Conservation. 

Erosion BufferτThe distance beyond an active streambank where a river is likely to erode based on 

historic rates of movement.   

Erosion Hazard Area (EHA)ς Area of the CMZ generated by applying the erosion buffer width to the 

active channel bankline. 

Flood frequency ς The statistical probability that a flood of a certain magnitude for a given river will 

occur in any given year.  A 1% flood frequency event has a 1% chance of happening in any given year and 

is commonly referred to as the 100-year flood. 

Floodplain- An area of low-lying ground adjacent to a river, formed mainly of river sediments and 

subject to flooding. 
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Fluvial ς Stream-related processes, from the Latin word fluvius = river. 

Geomorphology - ¢ƘŜ ǎǘǳŘȅ ƻŦ ƭŀƴŘŦƻǊƳǎ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ŀƴŘ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ŎǊŜŀǘŜ ǘƘƻǎŜ 

ƭŀƴŘŦƻǊƳǎΦ  άCƭǳǾƛŀƭ DŜƻƳƻǊǇƘƻƭƻƎȅέ ǊŜŦŜǊǎ ƳƻǊŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƻ Ƙƻǿ ǊƛǾŜǊ ǇǊƻŎŜǎǎŜǎ ǎƘŀǇŜ ǘƘŜ 9ŀǊǘƘΩǎ 

surface.   

GIS ς Geographic Information System:  A system of hardware and software used for storage, retrieval, 

mapping, and analysis of geographic data. 

Historic Migration Zone (HMZ) ς The historic channel footprint that forms the core of the Channel 

Migration Zone (CMZ).  The HMZ is defined by mapped historic channel locations, typically using historic 

air photos and maps. 

Hydrology ς ¢ƘŜ ǎǘǳŘȅ ƻŦ ǇǊƻǇŜǊǘƛŜǎΣ ƳƻǾŜƳŜƴǘΣ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŀƴŘ ŜŦŦŜŎǘǎ ƻŦ ǿŀǘŜǊ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ 

surface. 

Hydraulics ς The study of the physical and mechanical properties of flowing liquids (primarily water). 

This includes elements such as the depth, velocity, and erosive power of moving water. 

Large Woody Debris (LWD) ς Large pieces of wood that fall into streams, typically trees that are 

undermined on banks.  LWD can influence the flow patterns and the shape of stream channels and is an 

important component of fish habitat. 

Management Corridor ς A mapped stream corridor that integrates CMZ mapping and land use into a 

practical corridor for river management and outreach. 

Meander - One of a series of regular freely developing sinuous curves, bends, loops, turns, or windings 

in the course of a stream. 

Morphology - Of or pertaining to shape. 

NAIP ς National Agriculture Imagery Program ς A United States Department of Agriculture program 

that acquires aerial imagery during the agricultural growing seasons in the continental U.S. 

Planform - The configuration of a river channel system as viewed from above, such as on a map. 

RDGP - Reclamation and Development Grants Program, DNRC. 

Restricted Migration Area (RMA) ς Those areas of the CMZ that are isolated from active river migration 

due to bank armor or other infrastructure. 

Return Interval- The likely time interval between floods of a given magnitude.  This can be misleading, 

however, as the flood with a 100-year return interval simply has a 1% chance of occurring in any given 

year. 

Riparian ς Of, relating to or situated on the banks of a river.  Riparian zones are the interface between 

land and a river or stream.  The word is derived from Latin ripa, meaning riverbank.  Plant habitats and 
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communities along stream banks are called riparian vegetation, and these vegetation strips are 

important ecological zones due to their habitat biodiversity and influence on aquatic systems. 

Riprap ς A type of bank armor made up of rocks placed on a streambank to stop bank erosion.  Riprap 

may be composed of quarried rock, river cobble, or manmade rubble such as concrete slabs. 

Sinuosity - The length of a channel relative to its valley length.  Sinuosity is calculated as the ratio of 

channel length to valley length; for example, a straight channel has a sinuosity of 1, whereas a highly 

tortuous channel may have a sinuosity of over 2.0.  Sinuosity can change through time as rivers migrate 

laterally and occasionally avulse into new channels.  Stream channelization results in a rapid reduction in 

sinuosity.  

Stream competency - The ability of a stream to mobilize its sediment load which is proportional to flow 

velocity.  

Terrace ς On river systems, terraces form elongated surfaces that flank the sides of floodplains.  They 

represent historic floodplain surfaces that have become perched due to stream downcutting.  River 

terraces are typically elevated above the 100-year flood stage, which distinguishes them from active 

floodplain areas. 

Wetland ς Land areas that are either seasonally or permanently saturated with water, which gives them 

characteristics of a distinct ecosystem. 
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1 Introduction 
The Bighorn River Channel Migration Zone (CMZ) mapping project extends 84 river miles from Afterbay 

Dam near Fort Smith down to the confluence of the Bighorn and Yellowstone Rivers near Bighorn, MT 

(Figure 1).  River corridor communities located within or adjacent to the Bighorn River corridor include 

Fort Smith, Hardin, and Bighorn.   

This work was funded by the Bighorn River Alliance (BHRA) as part of the BHRA Research Initiative. The 

Research Initiative has completed several projects to date focused on understanding the physical, 

biological, and management issues on the river. Reports and summary documents can be found online 

at https://www.bighornriveralliance.org/.  

The goal of the Channel Migration Zone mapping is to evaluate historic rates of channel movement, and 

to use that data to develop a mapped corridor with a supporting narrative that describes erosion 

patterns, erosion risks, and corridor boundaries that will demonstrably accommodate a century of 

unimpeded channel movement.  The ultimate product of the effort is a series of Channel Migration Zone 

maps that extend from Afterbay Dam to the Yellowstone River, accompanied by this report that 

describes methods and results.   The project also has a public outreach component focusing on the 

agricultural, tribal, and recreational sectors along the river, although that task has yet to be completed 

due to Covid-19.   

The mapping can be used to assess patterns of bank erosion in areas of concern, locate old channel 

paths and restoration opportunities, and identify areas with spawning gravel recruitment, riparian 

expansion, and cost-effective land use management opportunities. 

1.1 Other Relevant Studies 

Over the past few years, the Bighorn River Alliance has funded several investigations through the 

Research Initiative that may be useful to those interested in the evolution and current condition of the 

Bighorn River as they relate to channel dynamics.   

1.1.1 Characterization of Bighorn River Hydrologic Alterations Below Yellowtail 

Dam (Boyd, 2019)  

This report may be useful to those interested in understanding how flow control has changed the 

hydrology of the river below Yellowtail Dam.  Long-term trends show that dam construction has reduced 

spring flooding while increasing flows in fall and winter. Boysen Dam, which was built between 1947 and 

1952, had a major impact on river flows prior to Yellowtail Dam completion in 1965. Once Yellowtail 

Dam was closed, flows became increasingly simplified downstream, with a lower range in flows resulting 

in less variability, less flooding, and fewer low flow periods. This effectively created the tailwater fishery 

we see today. Since then, there have been periods of drought coupled with changes in operating criteria 

that affected flow patterns. The drought years prior to 2009 occurred prior to the establishment of 

modern operating criteria, and have a distinct hydrologic signature, including persistently low flows and 

a dominance of flow releases through the dam powerhouse. Since 2009 flows have been consistently 

higher, resulting in an increased use of the dam spillway supplemental to the powerhouse. Occasional 

use of the lowermost river outlet appears to have a distinct temperature signature on the river.  

https://www.bighornriveralliance.org/
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Figure 1. General project location map. 
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1.1.2 Spatial Imagery Consolidation and Channel Feature Delineation (Thatcher, 

2019)  

This report details the key spatial data sets that were compiled or created to support the Research 

Initiative. The imagery, bankline mapping, physical feature, and LiDAR data sets are the core information 

for this Channel Migration study. 

1.1.3 Preliminary Assessment of Bighorn River Side Channel Restoration 

Potenti al (Boyd, 2020)  

Many historic side channels on the Bighorn River have become increasingly disconnected from the 

mainstem due to sediment infilling and vegetation encroachment at their entrances.  In this effort, 

channels with limited connectivity were evaluated and ranked in terms of restoration potentials.  A total 

of 29 channels were evaluated in terms of current and potential connectivity.  Of these 29 channels 

ŜǾŀƭǳŀǘŜŘΣ мо ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ άǘƻǇ ǘƛŜǊέΦ  ¢ƘŜǎŜ ƘƛƎƘŜǎǘ ǇǊƛƻǊƛǘȅ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜd as such 

because substantial reconnection can be achieved with minimal to moderate excavation.  Each top tier 

channel is described in terms of the approximate amount of excavation necessary, the flows at which 

activation will occur, and the length of channel restored.   

1.1.4 Bighorn River Alliance Research Initiative  - Inundation Risk Maps  

(Thatcher /Boyd, 2020)  

There has been a strong desire to assess flood risk along the Bighorn River corridor. Creating flood maps 

that are regulatory in nature is a costly process that relies on both elevation data and a calibrated 

hydraulic model. That said, the elevation data itself can be used to estimate extents of anticipated 

inundation based on river stage. The results help landowners understand the elevation of their 

properties relative to water surface elevations on the river and better understand risk. 

This report details a series of Inundation Risk Maps generated for the river corridor from Yellowtail Dam 

to the Interstate 94 river crossing near the Yellowstone River confluence. This builds on work completed 

in 2019 (Thatcher and Boyd) to develop baseline data sets and assessments of conditions in the corridor. 

The primary goal was to develop a series of maps depicting relative levels of inundation risk posed by 

river flooding. These maps should not be confused with flood mapping that relies on calibrated hydraulic 

modeling. They are intended to act as a tool to help river and land use managers, both public and 

private, better understand potential risks from overbank flow.  These maps can be used in conjunction 

with the Channel Migration Zone Mapping to make informed management decisions. 

1.2 The Project Team 

This project work was performed by Karin Boyd of Applied Geomorphology and Tony Thatcher of DTM 

Consulting.  Over the past decade, we have been collaborating to develop CMZ maps for numerous 

rivers in Montana, to provide rational and scientifically-sound tools for river management.  It is our goal 

to facilitate the understanding of rivers regarding the risks they pose to infrastructure, so that those 

risks can be managed and hopefully avoided.  Furthermore, we believe the mapping supports the 

premise that managing rivers as dynamic, deformable systems contributes to ecological and geomorphic 

resilience while supporting sustainable, cost-effective development.     
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1.3 What is Channel Migration Zone Mapping? 

The goal of Channel Migration Zone (CMZ) mapping is to provide a cost-effective and scientifically-based 

tool to assist land managers, property owners, agency personnel, and other stakeholders in making 

sound land use decisions along river corridors.  Typically, projects constructed in stream environments 

such as bank stabilization, homes and outbuildings, access roads, pivots, and diversion structures are 

built without a full consideration of site conditions related to river process and associated risk.  As a 

result, projects commonly require unanticipated and costly maintenance or modification to 

accommodate river dynamics.  CMZ mapping is therefore intended to identify those areas of risk, to 

reduce the risk of project failure while minimizing the impacts of development on natural river process 

and associated ecological function.  The mapping is also intended to provide an educational tool to show 

historic stream channel locations and rates of movement in any given area.   

CMZ mapping is based on the understanding that rivers are dynamic and move laterally across their 

floodplains through time.  As such, over a given timeframe, rivers occupy a corridor area whose width is 

dependent on rates of channel shift.  The processes associated with channel movement include lateral 

channel migration and more rapid channel avulsion (Figure 2).   

 
Figure 2. Typical patterns of channel migration and avulsion evaluated in CMZ development; these polygons collectively 

make up the Historic Migration Zone (HMZ). 

The fundamental approach to CMZ mapping is to identify the corridor area that a stream channel or 

series of stream channels can be expected to occupy over a given timeframe ς typically 100 years.  This 

is defined by first mapping historic channel locations to define the Historic Migration Zone, or HMZ 

(Figure 2).  Using those mapped banklines, migration distances are measured between suites of air 

photos, which allows the calculation of migration rate (feet per year) at any site.  Average annual 

migration rates are calculated on a reach scale and extended to the life of the CMZ, which in this case is 

100 years.  This 100-year mean migration distance defines the Erosion Buffer, which is added to the 

modern bankline to define the Erosion Hazard Area, or EHA.   

Channel migration rates are affected by geomorphic influences such as geology, channel type, stream 

size, sediment volume, sediment size, flow patterns, slope, bank materials, and land use.  For example, 

an unconfined meandering channel with high sediment loads would have higher migration rates than a 

geologically confined channel flowing through a bedrock canyon.  To address this natural variability, the 

study area has been segmented into a series of reaches that are geomorphically similar and can be 

characterized by average migration rates.  Reach breaks can be defined by changes in flow or sediment 

loads at tributary confluences, changes in geologic confinement, or changes in stream pattern.  Reaches 
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are typically on the order of five- to 10-miles-long.  Within any given reach, dozens to hundreds of 

migration measurements may be collected.   

Changes in geomorphic drivers can also be imposed on a river system, and on the lower Bighorn River, 

the construction of numerous dams in the upper watershed has altered flow patterns and sediment 

delivery to the project reach.  As such, the migration rate measurements have been evaluated with 

those impacts considered. 

Avulsion-prone areas are mapped where there is evidence of geomorphic conditions that are amenable 

to new channel formation on the floodplain.  This would include meander cores prone to cutoff (Figure 

2), historic side channels that may reactivate, and areas where the modern channel is perched above its 

floodplain. 

The following map units collectively define a Channel Migration Zone (Rapp and Abbe, 2003): 

ω Historic Migration Zone (HMZ) ς the area of current and historic channel occupation, 

usually defined by the available photographic record. 

ω Erosion Hazard Area (EHA) ς the area outside the HMZ susceptible to channel occupation 

due to channel migration. 

ω Avulsion Hazard Zone (AHZ) ς floodplain areas geomorphically susceptible to abrupt 

channel formation or re-occupation.  

ω Restricted Migration Area (RMA)-- areas of CMZ isolated from the current river channel by 

constructed bank and floodplain protection features.  The RMA has been referred to in 

other studies as the DMA- Disconnected Migration Area. 

¢ƘŜ wŜǎǘǊƛŎǘŜŘ aƛƎǊŀǘƛƻƴ !ǊŜŀ όwa!ύ ƛǎ ŎƻƳƳƻƴƭȅ ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ /a½ ǘƻ ǎƘƻǿ ŀǊŜŀǎ ǘƘŀǘ ŀǊŜ άƴƻ 

ƭƻƴƎŜǊ ŀŎŎŜǎǎƛōƭŜέ ōȅ ǘƘŜ ǊƛǾŜǊ όwŀǇǇ ŀƴŘ !ōōŜΣ нллоύΦ  Lƴ ƻǳǊ ŜȄǇŜǊƛŜƴŎŜΣ ǘƘŜ ŀǊŜŀǎ ǘƘŀǘ ƘŀǾŜ ōŜŎƻƳŜ 

restricted due to human activities provide insight as to the extent of encroachment into the CMZ and 

highlight potential restoration sites. These areas may also actively erode in the event of common project 

failure such as bank armor flanking.  For this reason, the areas of the natural CMZ that have become 

ƛǎƻƭŀǘŜŘ ŀǊŜ ŎƻƴǘŀƛƴŜŘ ǿƛǘƘƛƴ ǘƘŜ ƻǾŜǊŀƭƭ /a½ ōƻǳƴŘŀǊȅ ŀƴŘ ƘƛƎƘƭƛƎƘǘŜŘ ŀǎ άǊŜǎǘǊƛŎǘŜŘέ ǿƛǘƘƛƴ ǘƘŜ 

natural CMZ footprint.   

Each map unit listed above is individually identified on the maps to show the basis for including any 

given area in the CMZ footprint (Figure 3). 

 
Figure 3. Channel Migration Zone mapping units. 
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Although the basic concept for Channel Migration Zone mapping efforts is similar throughout the 

country, different approaches to defining CMZ boundaries are used depending on specific needs and 

situations.  These differences in assessment techniques can be driven by the channel type, different 

project scales, the type and quality of supporting information, the intended use of the mapping, etc.  For 

this study, the CMZ is defined as a composite area including the Historic Migration Zone (HMZ), Erosion 

Hazard Zone (EHA), and Avulsion Hazard Zone (AHZ).  The HMZ consists of the collective footprint of 

mapped channel locations using air photos from the mid-1950s, late 1970s, 1996, 2005, and 2019.  The 

EHA is created as a άōǳŦŦŜǊέ that extends landward from the 2019 channel margins.  The width of the 

buffer is based on reach-scale average migration rates and is intended to show areas that are at 

demonstrable risk of channel migration over the next century.  Areas beyond the erosion buffer that 

pose risks of channel avulsion, which is a different process than gradual migration, are identified as 

Avulsion Hazard Areas or AHZ.  This approach generally falls into the standards of practice for Reach 

Scale, Moderate to High Level of Effort mapping studies as defined by the Washington Department of 

Ecology (www.ecy.wa.gov).   As the Bighorn River commonly flows along and migrates into high valley 

walls that are erodible, specific EHA buffers have been developed based on measurements as well as 

geology.  Geotechnical setbacks that would capture the risk of hillslope failures in the uplands have not 

been created for the valley margins since they are so site specific, but landslides are common and 

should always be considered as another risk factor. 

1.4 Relative Levels of Risk 

The natural processes of streambank migration and channel avulsion both create risk to properties 

within stream corridors.  Although the site-specific probability of any area experiencing either migration 

or an avulsion during the next century has not been quantified, the characteristics of each type of 

channel movement allows some relative comparison of the type and magnitude of their risk.  In general, 

the Erosion Hazard Area delineates areas that have a demonstrable risk of channel occupation due to 

channel migration over the next 100 years.  Such bank erosion can occur across a wide range of flows, 

and the risk of erosion into this map unit is relatively high.  The Avulsion Hazard Area delineates areas 

where conditions may support an avulsion, although the likelihood of such an event is highly variable 

between sites and typically depends on floods.  Large, long duration floods have the potential to drive 

avulsions, even after decades of no such events.  During the spring of 2011, for example, the Musselshell 

River flood drove 59 avulsions in three weeks, carving 9 miles of new channel while abandoning about 

37 miles of old river channel (Boyd et al, 2012).    

1.5 Uncertainty 

There is always uncertainty in predicting river behavior, in part due to the range of stochastic events 

that can occur.  On the Bighorn River, site-specific events such as woody debris jams, sediment slug 

delivery, landslides, or ice jams could drive responses that may not be captured in the mapping in terms 

of spatially explicit risks.  We believe that the CMZ mapping effectively envelops likely river locations 

projected over the next century, but occasional channel movement beyond the CMZ boundaries is 

plausible and should be expected.     

http://www.ecy.wa.gov/
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¦ƴŎŜǊǘŀƛƴǘȅ ŀƭǎƻ ǎǘŜƳǎ ŦǊƻƳ ǘƘŜ ƎŜƴŜǊŀƭ ǇŀǊŀŘƛƎƳ ǘƘŀǘ άǘƘŜ Ǉŀǎǘ ƛǎ ǘƘŜ ƪŜȅ ǘƻ ǘƘŜ ŦǳǘǳǊŜΦέ  As predicted 

future migration is based on an assessment of historic channel behavior, the drivers of channel 

migration since Yellowtail Dam was built are assumed to be relatively consistent over the next century.  

If conditions change significantly, uncertainty regarding the proposed boundaries will increase.  These 

conditions include system hydrology, sediment delivery rates, climate, valley morphology, riparian 

vegetation densities and extents, and channel stability.  If substantial changes are made to the flow 

release patterns from Yellowtail Dam, for example, rates of bank erosion could change.  In addition, 

bank armor and floodplain modifications such as bridges, dikes, levees, or sand and gravel mining could 

also affect map boundaries.    

1.6 Potential CMZ Map Applications 

The CMZ mapping is intended to support a range of applications, but the mapping should be primarily 

viewed as a tool to support informed management decisions throughout a river corridor.  Potential 

applications for the CMZ maps include the following: 

ω Identify specific problem areas where migration rates are notably high and/or infrastructure 

is threatened. 

ω Identify restoration opportunities, especially in the Historic Migration Zone. 

ω Improve stakeholder understanding of the risks and benefits of channel movement.   

ω Help stakeholders avoid unnecessary risk to investment. 

ω Optimize long-term ecological function through allowed channel movement. 

ω Develop project priorities, timelines, and funding mechanisms. 

ω Develop river corridor best management practices. 

ω Facilitate productive discussion between regulatory, planning, and development interests 

active within the river corridor.  

Note:   

The CMZ mapping developed in this study was developed without any explicit intent of either providing 

regulatory boundaries or overriding site-specific assessments.  Any future use of the maps as a 

regulatory tool should include a careful review of the mapping criteria to ensure that the approach used 

is appropriate for that application. 

1.7 Other River Hazards 

The CMZ maps identify areas where river erosion can be expected to occur over the next century.  It is 

important to note that river erosion is only one of a series of hazards associated with river corridors.  

1.7.1 Flooding  

The CMZ maps do not delineate areas prone to flooding.  The difference between mapped flood 

boundaries and CMZ boundaries can be substantial.  In cases where the floodplain is broad and low, the 

CMZ tends to be narrower than the flood corridor (left schematic on Figure 4).  In contrast, where 

erodible materials form high valley walls, the CMZ is commonly wider than the floodplain, because the 

valley wall may be high enough to escape flooding, but not resistant enough to avoid erosion (right 

schematic on Figure 4).  On the Bighorn, for example, high valley margins composed of fine grained silts 

have been assigned an EHA buffer, even though the high surfaces are well out of the floodplain. 
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Figure 4.  Schematic comparisons between CMZ and flood mapping boundaries (Washington Department of Ecology). 

 

Figure 5 shows a property on the Yellowstone River in Park County that was progressively undermined 

during the 1996-1997 floods, prompting the owner to burn it down to prevent any liability associated 

with the structure falling into the river.  This has been a chronic problem in river management, as 

landowners assume that if their home is beyond the mapped floodplain margin, it is removed from all 

river hazards.   

 
Figure 5.  Yellowstone River home on high glacial terrace that was burned down in 1997 to prevent its undermining by the 

river. 

FEMA flood mapping from 1978 is available for the Bighorn River, and it shows only Approximate Zone A 

(approximate 100-year flood) boundaries (www.fema.gov).  This information is quite old and does not 

include any detailed hydraulic analyses that would have provided Base Flood Elevations or flood depths.  

In order to further our understanding of flood risks on the Bighorn River, we recently completed a 

relative elevation analysis of the Bighorn River floodplain (Thatcher and Boyd, 2020).  This mapping 

shows relative flood risks as a function of height above river (Figure 6).  These Relative Elevation maps 

can be used in combination with the Channel Migration Zone maps to consider spatial risks to human 

health and safety associated with channel movement and flooding. 
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Figure 6.  Inundation Risk Mapping on the Bighorn River, showing elevation-based risk assessment results (Thatcher, 2020). 

1.7.2 Ice Jams 

Another serious river hazard, especially in Montana, is ice jamming.  The Corps of Engineers Ice Jam 

Database (www.icejam.sec.usace.army.mil) shows that, between 1894 and 2017, a total of 4,514 ice 

jams have been documented in Montana, and 380 rivers in Montana have at least one recorded jam 

(Figure 7).  Montana has the most ice jam events recorded in the US. 

 
Figure 7.  State ranking of ice jam frequency; Montana ranks first with over twice as many jams as the second ranked state. 

http://www.icejam.sec.usace.army.mil/

























































































































